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AMENDMENTS TO THE CLAIMS: 

This listing of claims will replace all prior versions and listings of claims in the 
application: 

1 . (Currently amended) A pattern measuring apparatus comprising: 

a storage device to store a plurality of images of a pattern to be measured and 
predetermined edge reference data, the predetermined edge reference data comprising 
a plurality of pixels that have an intensity gradient , tho i mages having boon captured by 
an e xt e rna l i maging dev i c e at diff e rent focal d i stanc e s ; 

an external imaging device to capture the images at different focal distances; 

a processor to, for each of the images, (i) scan the image, using the 
predetermined edge reference data, to detect edge points of the image and (ii) compare 
the predetermined edge reference data to the intensity values of the image at the edge 
points to generate output a plurality of correlation values , each of the correlation values 
indicating that i nd i cate corre l ations a correlation between the edge reference data and 
the intensity value of the physical image at a respective edge point po i nts ; 

a calculator to, for each of the images, calculate a standardized correlation 
value based on the correlation values of the image, the standardized correlation value 
expressing that expr e sses a correlation between the predetermined edge reference 
data and the detected edge points of the image, bas e d on th e corr e lation va l u e s 
wherein each of the standardized correlation values corresponds to one of the images ; 

a determinator to, for each of the images, determine an in-focus state of 
the image, based on the standardized correlation value for the image; 
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an image selector to select one of the images from the plurality of images, 
the determined in-focus state of the selected image matching a preselected in-focus 
state; and 

a measurer to process the selected image to measure the pattern. 

2. (Previously Presented) The pattern measuring apparatus according to claim 
1 , wherein the external imaging device includes an optical system that is capable of 
adjusting a focal position thereof within a range defined by an integer multiple of a 
predetermined step width from a predetermined initial value, and 

the plurality of images have been captured at each of a plurality of focal positions 
calculated by adding integer multiples of the step width to the initial value. 

3. (Previously Presented) The pattern measuring apparatus according to claim 
1, wherein the image selector selects a plurality of the images, the determined in-focus 
states of the selected images matching preselected in-focus states, 

the pattern measuring apparatus further comprises an image processor to 
perform alignment processing among the selected images and superimpose in a single 
coordinate system the edge points of the selected images, and 

the measurer measures the pattern on the basis of position coordinates of the 
edge points that have been superimposed in the single coordinate system. 
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4. (Previously Presented) The pattern measuring apparatus according to claim 
1 , wherein the image selector selects a plurality of the images, the determined in-focus 
states of the selected images matching preselected in-focus states, 

the pattern measuring apparatus further comprises an image processor to 
perform alignment processing among the selected images and perform image 
processing to combine the selected images, and 

the measurer measures the pattern on the basis of the combined images. 

5. (Previously Presented) The pattern measuring apparatus according to claim 
1 , wherein only edge points that have been detected in previously scanned images and 
that are within a predetermined range are scanned with the predetermined edge 
reference data. 

6. (Previously Presented) The pattern measuring apparatus according to claim 
1 , wherein the pattern has a plurality of edges, 

the calculator classifies the detected edge points into an edge point group for 
each of the edges, and calculates the standardized correlation value for each of the 
edge point groups that have been classified, and 

the determinator determines the in-focus state of the image for each of the edge 
point groups that have been classified. 

7. (Currently amended) A pattern measuring apparatus that i s connoctablo to 
an e xterna l i mag i ng d e vic e and that m e asur e s a pattern on th e bas i s of an i mag e of th e 



-4- 



Application No. 10/807,187 
Attorney Docket No. 02887.0270-00 

pattern that i s supp li ed from tho oxtorna l i maging dovico, tho externa l imaging dov i co 
captur i ng the imago of tho pattern with an optica l system, a foca l pos i tion of the optica l 
system b ei ng adjustab le w i th r e spect to tho pattern by an i nt e g e r mu l t i p l e of a 
prodotorm i n e d st e p w i dth from a pr e d e term i ned i n i t i a l va l ue , the pattern measuring 
apparatus comprising: 

a storage device to store predetermined edge reference data comprising a 
plurality of pixels that have an intensity gradient; 

an external imaging device to capture images of a pattern with an optical system, 
a focal position of the optical system being adjustable with respect to the pattern by an 
integer multiple of a predetermined step width from a predetermined initial value; 

a processor to, for each of the images, (i) scan the image, using the 
predetermined edge reference data, to detect edge points of the image and (ii) compare 
the predetermined edge reference data to the intensity values of the image at the edge 
points to generate output a plurality of correlation values , each of the correlation values 
indicating that ind i cat e corr el at i ons a correlation between the predetermined edge 
reference data and the intensity value of the image at a respective edge point po i nts ; 

a calculator to, for each of the images, calculate a standardized correlation value 
based on the correlation values of the image, the standardized correlation value 
expressing that expresses a correlation between the predetermined edge reference 
data and the detected edge points of the image, bas e d on the corr el at i on va l ues 
wherein each of the standardized correlation values corresponds to one of the images ; 

a determinator to, for each of the images, determine an in-focus state of the 
image, based on the standardized correlation value for the image; 
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a measurer to, for each of the images, process the image to measure the pattern, 
if the determinator has determined that the in-focus state of the image matches a 
preselected in-focus state; and 

a focal-position controller to, for each of the images, generate and output control 
signals to change the focal position of the optical system of the external imaging device, 
if the determinator has determined that the in-focus state of the image does not match 
the preselected in-focus state. 

8. (Previously Presented) The pattern measuring apparatus according to claim 
7, wherein only a predetermined range of edge points that have been detected in 
previously scanned images are scanned with the predetermined edge reference data. 

9. (Previously Presented) The pattern measuring apparatus according to claim 
7, wherein the pattern to be measured has a plurality of edges, 

the calculator classifies the detected edge points into an edge point group for 
each of the edges to calculate the standardized correlation value for each of the edge 
point groups that have been classified, and 

the determinator determines the in-focus state of the image for each of the edge 
point groups that have been classified. 

10. (Previously Presented) The pattern measuring apparatus according to claim 
7, wherein the standardized correlation value is calculated by using a plurality of sets of 
predetermined edge reference data. 
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1 1 . (Currently amended) A method of measuring a pattern bacod on a plura li ty 
of i mages of tho pattern captured by an i mag i ng dov i co at different focal pos i t i ons, tho 
method comprising: 

capturing a plurality of images of a pattern at different focal distances with an 
imaging device; 

detecting edge points of each of the images by scanning the image using 
predetermined edge reference data that comprises a plurality of pixels having an 
intensity gradient; 

comparing, for each of the images, the predetermined edge reference data to the 
intensity values of the image at the edge points to generate a plurality of correlation 
values, each of the correlation values indicating a correlation between the edge 
reference data and the intensity value of the image at a respective edge point; 

calculating, for each of the images, a standardized correlation value based on the 
correlation values of the image, the standardization correlation value expression that- 
oxprossos a correlation between the predetermined edge reference data and the 
detected edge points of the image , wherein each of the standardized correlation values 
corresponds to one of the images ; 

determining, for each of the images, an in-focus state of the image, based on the 
standardized correlation value for the image; 

selecting one of the images from the plurality of images, the determined in-focus 
state of the selected image matching a preselected in-focus state; and 

processing the selected image to measure the pattern. 
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12. (Previously Presented) The pattern measuring method according to claim 

1 1 , wherein the imaging device includes an optical system that is capable of adjusting a 
focal position thereof within a range defined by an integer multiple of a predetermined 
step width from a predetermined initial value, and 

the plurality of images have been captured at each of a plurality of focal positions 
calculated by adding integer multiples of the step width to the initial value. 

13. (Previously Presented) The pattern measuring method according to claim 

1 1 , wherein a plurality of the images are selected, the determined in-focus states of the 
selected images matching preselected in-focus states, 

the pattern measuring method further comprises aligning the selected images 
and superimposing the edge points of the selected images in a single coordinate 
system, and 

the pattern is measured on the basis of position coordinates of the superimposed 
edge points. 

14. (Previously Presented) The pattern measuring method according to 
claim 11, wherein a plurality of the images are selected, the determined in-focus states 
of the selected images matching preselected in-focus states, 

the pattern measuring method further comprises aligning the selected images 
and combining the selected images, and 

the pattern is measured based on the combined images. 
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15. (Previously Presented) The pattern measuring method according to claim 
11 , further comprising: 

scanning, using the predetermined edge reference data, only a predetermined 
range of edge points that have been detected in previously scanned images. 

16. (Previously Presented) The pattern measuring method according to claim 
1 1 , wherein the pattern to be measured has a plurality of edges, 

the pattern measuring method further comprises classifying the detected edge 
points into an edge point group for each of the edges, 

the standardized correlation value is calculated for each of the edge point groups 
that have been classified, and 

the in-focus state of the image is determined for each of the edge point groups 
that have been classified. 

17. (Previously Presented) The pattern measuring method according to claim 
1 1 , wherein the standardized correlation value is calculated by using a plurality of sets 
of predetermined edge reference data. 

18. (Currently amended) A method of measuring a pattern basod on an i mago 
of th e pattern that is captur e d by an i mag i ng d e vic e , th e i mag i ng d e v i ce i nc l ud i ng an 
opt i ca l system w i th a focal pos i t i on thereof bo i ng adjustab l e w i th rospoot to th e patt e rn 
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by an i nt e g e r mu l tip l e of a pred e t e rm i n e d st e p width from an in i t i al value, tho mothod 
comprising: 

capturing a plurality of images of a pattern with the use of an imaging device with 
an optical system at different focal distances, a focal position of the optical system being 
adjustable with respect to the pattern by an integer multiple of a predetermined step 
width from a predetermined initial value; 

detecting edge points of the image by scanning the image using predetermined 
edge reference data that comprises a plurality of pixels having an intensity gradient; 

comparing the predetermined edge reference data to the intensity values of the 
image at the edge points to generate a plurality of correlation values, each of the 
correlation values indicating a correlation between the edge reference data and the 
intensity value of the image at a respective edge point; 

calculating a standardized correlation value based on the correlation values of 
the image, the standardized correlation value expressing that expresses a correlation 
between the predetermined edge reference data and the detected edge points of the 
image; 

determining an in-focus state of the image, based on the standardized correlation 

value; 

processing the image to measure the pattern, if it has been determined that the 
in-focus state matches a preselected in-focus state; and 

capturing a new image of the pattern at a different focal position, if it is 
determined that the in-focus state does not match the preselected in-focus state. 
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19. (Currently amended) A method of manufacturing a semiconductor device 
comprising a method of measuring a pattern bas e d on a p l urality of i magos of tho 
patt e rn that are captured d i ff e r e nt foca l pos i t i ons by an imag i ng dev i ce, tho method 
compr i s i ng including : 

capturing a plurality of images of a pattern with the use of an imaging device 
with an optical system at different focal distances, a focal position of the optical system 
being adjustable with respect to the pattern by an integer multiple of a predetermined 
step width from a predetermined initial value; 

detecting edge points of each of the images by scanning the image using 
predetermined edge reference data that comprises a plurality of pixels having an 
intensity gradient; 

comparing, for each of the images, the predetermined edge reference data to the 
intensity values of the image at the edge points to generate a plurality of correlation 
values, each of the correlation values indicating a correlation between the edge 
reference data and the intensity value of the image at a respective edge point; 

calculating, for each of the images, a standardized correlation value based on the 
correlation values of the image, the standardized correlation value expressing that- 
expresses a correlation between the predetermined edge reference data and the 
detected edge points of the image , wherein each of the standardized correlation values 
corresponds to one of the images ; 

determining, for each of the images, an in-focus state of the image, based on the 
standardized correlation value for the image; 
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selecting one of the images from the plurality of images, the determined in-focus 
state of the selected image matching a preselected in-focus state; and 
processing the selected image to measure the pattern. 

20. (Currently amended) A method of manufacturing a semiconductor device 
comprising a method of measuring a pattern basod on an i mago of tho pattern that is 
capturod by an imaging dovico, tho i maging dov i co i nc l ud i ng an opt i ca l system w i th a 
foca l pos i t i on thoroof being adjustab l e w i th rospoot to tho pattern by an i nteger mu l tip l e 
of a pr e d e t e rm i ned st e p width from an i nit i al va l u e , th e m e thod compr i sing including : 

capturing a plurality of images of a pattern with the use of an imaging device with 
an optical system at different focal distances, a focal position of the optical system being 
adjustable with respect to the pattern by an integer multiple of a predetermined step 
width from a predetermined initial value; 

detecting edge points of the image by scanning the image using predetermined 
edge reference data that comprises a plurality of pixels having an intensity gradient; 

comparing the predetermined edge reference data to the intensity values of the 
image at the edge points to generate a plurality of correlation values, each of the 
correlation values indicating a correlation between the edge reference data and the 
intensity value of the image at a respective edge point: 

calculating a standardized correlation value based on the correlation values of 
the image, the standardized correlation value expressing that e xpresses a correlation 
between the predetermined edge reference data and the detected edge points of the 
image; 
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determining an in-focus state of the image, based on the standardized correlation 

value; 

processing the image to measure the pattern, if it has been determined that the 
in-focus state matches a preselected in-focus state; and 

capturing a new image at a different focal position, if it is determined that the in- 
focus state does not match the preselected in-focus state. 

21. (New) A pattern measuring apparatus comprising: 

an edge model producing unit to produce a pattern edge model in a form of an 
array of cells, the array having a relative intensity value stored therein and a position of 
an edge point of the pattern edge model being assigned thereto; 

a storage device to store a plurality of images of a pattern to be measure and the 
pattern edge model; 

an external imaging device to capture the images at different focal distances; 

a processor to, for each of the images, (i) scan the image, using the pattern edge 
model, to detect edge points of the image and (ii) compare the pattern edge model to 
the intensity values of the image at the edge points to generate a plurality of correlation 
values, each of the correlation values indicating a correlation between the pattern edge 
model and the intensity value of the image at a respective edge point; 

a calculator to, for each of the images, calculate a standardized correlation value 
based on the correlation values of the image, the standardized correlation value 
expressing a correlation between the pattern edge model and the detected edge points 
of the image, wherein each of the standardized correlation values corresponds to one of 
the images; 
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a determinator to, for each of the images, determine an in-focus state of the 
image, based on the standardized correlation value for the image; 

an image selector to select one of the images from the plurality of images, the 
determined in-focus state of the selected image matching a preselected in-focus state; 
and 

a measurer to process the selected image to measure the pattern. 

22. (New) A pattern measuring apparatus comprising: 

an edge model producing unit to produce a pattern edge model in a form of an 
array of cells, the array having a relative intensity value stored therein and a position of 
an edge point of the pattern edge model being assigned thereto; 

an external imaging device to capture images of a pattern to be measured with 
an optical system at different focal distances, a focal position of the optical system being 
adjustable with respect to the pattern by an integer multiple of a predetermined step 
width from a predetermined initial value; 

a storage device to store a plurality of images of the pattern and the pattern edge 
model produced by the edge producing unit; 

a processor to, for each of the images, (i) scan the image, using the pattern edge 
model, to detect edge points of the image and (ii) compare the pattern edge model to 
the intensity values of the image at the edge points to generate a plurality of correlation 
values, each of the correlation values indicating a correlation between the pattern edge 
model and the intensity value of the image at a respective edge point; 
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a calculator to, for each of the images, calculate a standardized correlation value 
based on the correlation values of the image, the standardized correlation value 
expressing a correlation between the pattern edge model and the detected edge points 
of the image, wherein each of the standardized correlation values corresponds to one of 
the images; 

a determinatorto, for each of the images, determine an in-focus state of the 
image, based on the standardized correlation value for the image; 

a measurer to, for each of the images, process the image to measure the pattern, 
if the determinator has determined that the in-focus state of the image matches a 
preselected state; and 

a focal-position controller to, for each of the images, generate and output control 
signals to change the focal position of the optical system of the external imaging device, 
if the determinator has determined that the in-focus state of the image does not match 
the preselected in-focus state. 

23. (New) A method of measuring a pattern comprising: 

producing a pattern edge model in a form of an array of cells, the array having a 
relative intensity value stored therein and a position of an edge point of the pattern edge 
model being assigned thereto; 

capturing a plurality of images of a pattern to be measured with the use of an 
imaging device at different focal distances; 

detecting edge points of each of the images by scanning the image using the 
pattern edge model; 
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comparing, for each of the images, the pattern edge model to the intensity values 
of the image at the edge points to generate a plurality of correlation values, each of the 
correlation values indicating a correlation between the pattern edge model and the 
intensity value of the image at a respective edge point; 

calculating, for each of the images, a standardized correlation value based on the 
correlation values of the image, the standardized correlation value expressing a 
correlation between the pattern edge model and the detected edge points of the image, 
wherein each of the standardized correlation values corresponds to one of the images; 

determining, for each of the images, an in-focus state of the image, based on the 
standardized correlation value for the image; 

selecting one of the images from the plurality of images, the determined in-focus 
state of the selected image matching a preselected in-focus state; and 

processing the selected image to measure the pattern. 

24. (New) A method of measuring a pattern comprising: 

producing a pattern edge model in a form of an array of cells, the array having a 
relative intensity value stored therein and a position of an edge point of the pattern edge 
model being assigned thereto; 

capturing a plurality of images of a pattern with the use of an imaging device with 
an optical system at different focal distances, a focal position of the optical system being 
adjustable with respect to the pattern by an integer multiple of a predetermined step 
width from a predetermined initial value; 
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detecting edge points of the image by scanning the image using the pattern edge 

model; 

comparing the pattern edge model to the intensity values of the image at the 
edge points to generate a plurality of correlation values, each of the correlation values 
indicating a correlation between the pattern edge model and the intensity value of the 
image at a respective edge point; 

calculating a standardized correlation value based on the correlation values of 
the image, the standardized correlation value expressing a correlation between the 
pattern edge model and the detected edge points of the image; 

determining an in-focus state of the image, based on the standardized correlation 
value for the image; 

processing the image to measure the pattern, if it has been determined that the 
in-focus state matches a preselected in-focus state; and 

capturing a new image of the pattern at a different focal position, if it is 
determined that the in-focus state does not match the preselected in-focus state. 

25. (New) A method of manufacturing a semiconductor device comprising a method of 
measuring a pattern including: 

producing a pattern edge model in a form of an array of cells, the array having a 
relative intensity value stored therein and a position of an edge point of the pattern edge 
model being assigned thereto; 

capturing a plurality of images of a pattern with the use of an imaging device with 
an optical system at different focal distances, a focal position of the optical system being 



-17- 



Application No. 10/807,187 
Attorney Docket No. 02887.0270-00 

adjustable with respect to the pattern by an integer multiple of a predetermined step 
width from a predetermined initial value; 

detecting edge points of the image by scanning the image using the pattern edge 

model; 

comparing the pattern edge model to the intensity values of the image at the 
edge points to generate a plurality of correlation values, each of the correlation values 
indicating a correlation between the pattern edge model and the intensity value of the 
image at a respective edge point; 

calculating a standardized correlation value based on the correlation values of 
the image, the standardized correlation value expressing a correlation between the 
pattern edge model and the detected edge points of the image; 

determining an in-focus state of the image, based on the standardized correlation 
value for the image; 

processing the image to measure the pattern, if it has been determined that the 
in-focus state matches a preselected in-focus state; and 

capturing a new image of the pattern at a different focal position, if it is 
determined that the in-focus state does not match the preselected in-focus state. 

26. (New) A method of manufacturing a semiconductor device comprising a method of 
measuring a pattern including: 

producing a pattern edge model in a form of an array of cells, the array having a 
relative intensity value stored therein and a position of an edge point of the pattern edge 
model being assigned thereto; 



-18- 



Application No. 10/807,187 
Attorney Docket No. 02887.0270-00 

capturing a plurality of images of a pattern with the use of an imaging device with 
an optical system at different focal distances, a focal position of the optical system being 
adjustable with respect to the pattern by an integer multiple of a predetermined step 
width from a predetermined initial value; 

detecting edge points of the image by scanning the image using the pattern edge 

model; 

comparing the pattern edge model to the intensity values of the image at the 
edge points to generate a plurality of correlation values, each of the correlation values 
indicating a correlation between the pattern edge model and the intensity value of the 
image at a respective edge point; 

calculating a standardized correlation value based on the correlation values of 
the image, the standardized correlation value expressing a correlation between the 
pattern edge model and the detected edge points of the image; 

determining an in-focus state of the image, based on the standardized correlation 
value for the image; 

processing the image to measure the pattern, if it has been determined that the 
in-focus state matches a preselected in-focus state; and 

capturing a new image of the pattern at a different focal position, if it is 
determined that the in-focus state does not match the preselected in-focus state. 
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